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ABSTRACT 


Numerous wind tunnel tests have been conducted by the Kit Force 
and NASA to Investigate the aerodynamic/airframe integration of an 
airborne optical pointing and tracking system. A common feature of 
the various systems tested is the use of a fuselage mounted ^***en— port 
turret to house the optics. The suppression of undesirable aerodynamic 
phenomena within the open port cavity together with the development 
of aerodynamic fairings for the reduction of base pressure drag behind 
the turret has received special attention. In this paper, data from 
several wind tunnel experiments along with available flight that data 
are used to discuss the validity of. these small scale tests and their 
Inherent limitations. Tests were performed at transonic speeds to 
measure the turbulence levels In a cavity with and without a forward 
porous fence, turret drag with and without an aerodynamic fairing, and 
turret/f airing unsteady pressures. 
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SECTION I 


INTRODUCTION 


BACKGROUND 

During the past ten years the Air Force and NASA have conducted 
numerous wind tunnel tests to investigate the aerodynainic/airframe 
Integration of an airborne optical pointing and tracking system. A 
common feature of the various systems tested has been the use of a 
fuselage mounted turret to house the optics. The light beam propagates 
from the optical platform through an open port in the turret and thus 
eliminates the losses associated with a solid material window. However, 
the optical beam quality and the performance of the pointing and tracking 
system are still very touch a function of the external aerodynamic flow 
field. When exposed to the free stream flow the open port turret acts 
as a cavity, and under. a resonance condition, internal unsteady pressure 
fluctuations become significant. These acoustical resonances create 
unwanted vibrations of the Internal optical components and thus degrade 
the overall system performance* In addition, flow separation on the turret 
creates unsteady external torques while increasing the total aircraft drag. 

In the above mentioned wind tunnel tests, the suppression or undesir- 
able aerodynamic phenomena within these cavities together with the develop- 
ment of aerodynamic fairings for the reduction of base pressure drag 
behind the turret, has received special attention (References 1,2, 3, 4, 5, 6) . 
Since much time has been spent in these developmental areas a data com- 
parison of various scale wind tunnel tests is desirable. In this paper, 
data from several of the wind tunnel experiments along with available 
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flight t-sat data are used to dlaeuaa the validity of thoae small 
deale teats and their inherent limitations. 
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SEC1I0N II 


FLUID FLOW CONCEPTS 

Before discussing the wind tunnel results ifs worthwhile to recall 
a few concepts governing different flow processes which have a direct 
affect on the comparison of large and small scale test data. The under- 
standing of these concepts points out some Inherent limitations of small 
scale tests and helps in the Interpretation of such data. 

REYNOLDS NUMBER AND DYNAMIC SIMILARITY 

Approximately 100 years ago Osborne Reynolds Identified the Importance 
of the ratio of Inertial to viscous forces In defining the character 
of fluid flows In pipes, l.e., whether the flow will be laminar or 
turbulent. The introduction of this ratio, PjfJ-h* referred to as the 
Reynolds number, contributed significantly to another Important concept 
call Dynamic Similarity. Consider an experiment where a low speed fluid 
flows around two geometrically similar bodies. If the flow properties 
are measured at geometrically similar locations, and their respective 
Reynolds numbers are identical, then the two experiments are said to be 
dynamically similar. In others words, two flow systems are said to be 
dynamically similar if they are geometrically similar and the forces In 
one system are in the same ratio to each other as the forces in the 
second system. The practical importance of the principle of similarity 
Is that Inexpensive wind tunnel tests of scale models can be used to 
predict the performance of full-scale aircraft. However, in many 
instances several force ratios are Involved and consequently It Is 
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Impossible to hav*. complete dynamic similarity. For example, when measur- 
ing drag on an airfoil In high speed flow both compressible gas forces 
and viscous shear forces are Important. In general, complete similarity 
In such cases Is possible only for full scale models. 

BOUNDARY LAYER CONCEPT 

Since the Reynolds number Is the ratio of the Inertial forces to 
viscous forces one might expect that viscous forces would be negligible 
at very high Reynolds numbers. The fact Is, that no matter how large 
the Reynolds number, viscous forces can never be completely Ignored. 

The reason for this Is that fluid particles do not slip at the surface 
of a solid boundary. Thus, the imposed boundary condition Is that 
the tangential velocity at the wall Is sero. Moving outward from the 
wall the velocity increases to a value nearly equal to that of the 
free stream. This region of retarded flow Is called the "boundary layer". 

The development of a boundary layer can best be Illustrated by a 
study of an Incompressible, uniform flow over a flat plate (see Figure 1). 
As the fluid particles reach the plate leading edge, large shear stresses 
ate created at the surface which slows down the fluid. This relatively 
thin region close to the body surface varies in "thickness" downstream 
along the plate. The actual boundary layer thickness 6 is usually defined 
as the distance from the surface to the point where the local velocity u 
equals ninety-nine percent of the free stream velocity V w . Since the 
term boundary layer thickness Is somewhat ambiguously defined, more use- 
ful terms such as displacement thickness and momentum thickness 62 are 
often used. The displacement thickness 6j Is a measure of the displace- 
ment of the free stream flow away from the plate and is defined as: 
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*1 • c [‘ - $-] *t 

inhere p and p w are the local and free atream mass densities respectively. The 
momentum thickness 6 2 la a mcaaure of the deficit of momentum flux caused 
by the boundary layer and Is proportional to the drag on the plate. 

The momentum thickness 62 is defined ess 

H "C t] dy 


The boundary layer along the plate Is separated Into a laminar, 
transitional and turbulent region. Depending mostly on the local 
Reynolds number the boundary layer remains laminar for some distance 
along the plate. In this region the viscous shear stress is pro- 
portional to the velocity gradient, that is: 




du 

dy 


In laminar flow the transport of momentum is molecular in nature. The 
transport coefficient is called the dynamic viscosity V and is a function 
only of the fluid properties. Thus the laminar shear stress can be 
expressed as: 

_ du 

x l m »»3y 

The layer remains truly laminar up to the transition point but after 
this "critical point" (more usually defined by a "critical Reynolds 
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number") snail disturbances or fluctuations are amplified In magnitude, 
eventually becoming so largo as to disrupt the laminar flow pattern which 
then breaks up Into largo eddies. Such disturbances are Introduced from 
the free stream or by surfaco Irregularities, both of which are always 
present to some degree. Onco the turbulent mixing process starts, some 
distance Is required for an equilibrium mixing process to be established. 
Hence, transition requires a "zone" rather than suddenly occurring at a 
point. Thereafter, the characteristics of the layer are essentially 
turbulent In nature. 

Iu turbulent flow the transport of momentum is greatly enhanced. 
Consequently the shear stress is higher than In the laminar flow case 
(see Figure 1). Expressions for the viscous shear stress have been 
developed which are similar to the laminar equation. However, the 
turbulent momentum transport coefficient is by no means a constant but 
rather a function of the dynamics of the flow. This turbulent coefficient, 
e t , is both a function of the magnitude of the velocity fluctuations and 
eddy scale size. Thus the turbulent shear stress can be expressed as: 

t fc - c t du 

dy 

The above description of a boundar; layer has Indeed been a simplified 
one. Hany aspects of boundary layers such as effects of compressibility, 
ptmBurf gradient, wall shape and wall temperature were not addressed. 
However, It Is. found that drag due to viscous shear stresses is higher 
when the flow is completely turbulent. 


624 


DRAG FORCES FOR BLUNT AND STREAMLINED BODIES 

Newton's law of motion states t that for a constant mass, the sum 
of the external forces on a body is equal to the product of Its mass and 
acceleration. In fluid aerodynamics, the two surface forces which are of 
particular importance are friction forces and pressure forces. The 
relative Importance of these two forces play a significant role in the 
drag of blunt and streamlined bodies such as a fuselage mounted turret/ 
fairing (see Figure 2). As was previously discussed, the magnitude of 
the viscous drag depends on whether the surface boundary layer is laminar 
or turbulent. For high Reynolds number flows the boundary layer is mostly 
turbulent and the viscous drag is higher than for low Reynolds number flows 
where the boundary layer is laminar. Therefore, it is Important to maintain 
a laminar boundary layer on a streamlined body where the pressure drag is 
small. In contrast, and for a different rear on , turbulent flow is also 
of importance on a blunt shaped body. When a fluid flows around a blunt 
body, the boundary layer starts out laminar and tends to separate from the 
surface creating a low pressure wake. This" Tow pressure region acts as 
a drag force on the body and its magnitude is a function of the location 
on the body where the flow separates. For such cases, early transition 
from laminar to turbulent flow would have the effect of reducing the 
size of the wake and thus reducing the pressure drag. Drag reduction 
of this form is therefore very much a function of Reynolds number. 

Recall that transition can also be a function of free stream turbulence 
and surface roughness. A high free stream turbulence could cause earlier 
transition which would help reduce the pressure drag. Surface roughness 
could also cause a drag reduction but is very dependent on Reynolds number. 
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wnrf TUNNEL TESTING 

The wind tunnel Is probably the aeronautical engineer's most Important 
design and development tool. Excellent agreement between small and 
full scale tests can be obtained when the various force systems Involved 
are properly modeled. Indeed, proper modeling .'.s Implied by the principles 
of similarity discussed earlier. Generally speaking this statement is 
true. However, It's true only if aZt th& pertinent parameters are the 
Mata. For example, the drag force on a blunt body could be a function 
of Mach number, Reynolds number, geometry, and free stream turbulence. 
Matching the Mach number, Reynolds number and geometry may not be sufficient. 
Since boundary layer transition and separation are affected by the free 
stream turbulence level, the drag force measured In two different wind 
tunnel tests may not be the same. In addition, local steady and unsteady 
pressure measurements can be significantly Influenced by the degree 
of free stream turbulence, the location of transition and local separated 
flow regions. Spatial resolution of local Instrumentation on a small 
scale model should also be considered. The measurement may really be an 
integrated effect over a relatively large surface area! 

All things considered, the wind tunnel testing of small scale models 
has proven very useful to the aeronautical engineer. The principles of 
dynamic similarity and an understanding of the basic fluid flow concepts 
help the engineer to Interpret such data. When dynamic similarity Is 
incomplete the data trends are still very Important results. Much of 
the data presented In this paper shows gdod correlation between tests. 

Some of the anomalies that are present can be attributed to one or more 
of the reasons discussed in this section. 
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SECTION III 


CAVITY AND FENCE TESTS 
MODELS AND TEST FACILITIES 

Two separate models of a 15*2 cm (6 in) cube shaped cavity mounted on a 
flat plate were tested In the Air Force Flight Dynamics (AFFDl)0.61 m by 
0*61 m (2 ft by 2 ft) and NASA— Ames 1*83 m by 1*83 m (6 ft by 6 ft) 
transonic wind tunnels* The dimensions of these two models are shown in 
Figures 3a and 3b. Several porous fences which were designed to reduce 
the turbulence levels in the cavity could be mounted upstream of the 
cavity in one of three different locations* The results from two of these 
fence configurations are presented In this paper. Their dimensions and 
location upstream of the cavity are given in Table 1. 

The NASA-Ames flat plate model was mounted in the tunnel on a center 
pylon sufficiently far from the wall to assure that the plate was not 
immersed in the tunnel boundary layer (Ref. 7). An elliptic leading edge of 
major axis four times the minor axis was used to preclude separation and 
to reduce the mass flow and blockage beneath the plate. The AFFDL flat 
plate model was mounted on the side wall of the 0.38 m by 0.38 m (1.25 ft 
by 1.25 ft) transonic test section. This particular test section 
has slotted walls and a removable section sidewall which protrudes 
3.81 cm (1.5 In) Into the flow, thus bleeding off the boundary layer. 

TYPES OF MEASUREMENTS AND TEST CONDITIONS 

Data recorded during the cavity tests Included both mean and unsteady 
pressure measurements. Dynamic pressure transducers were located at key 
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positions Inside the cavity and on the flat plate forward and aft of the 
Cavity. Total pressure probes were also used to measure the velocity 
profiles at the leading edge of the cavity with and without a porous 
fence. Only a portion of the unsteady pressure measurements are 
presented in this paper. The discussion is limited to two fence con- 
figurations, a Mach number range of 0.60 to 0.89, and one fence location. 

UNSTEADY PRESSURE RESULTS - PLAIN CAVITY 

Overall root mean square (rms) pressure levels for the plain cavity 
configurations are presented in Figures 4a and 4b. The data are normalized 
by the free stream dynamic pressure and represent an averaging over a 
frequency range from 1 to approximately 50 kHz. 

Por a free stream Mach number of 0.60 the rms pressure data from the 
AFFDL test are in good agreement with the Ames data. However, significant 
differences occur at Mach 0.89 for measurements made inside the cavity 
and on the flat plate at the cavity leading edge. It is not suggested 
that such an effect is primarily due to the change in Mach number. 

fact , trends in the data for both Mach numbers show that the unsteady 
pressure levels increase with decreasing local Reynolds number R^. 

This decrease with Reynolds number suggests that transitional instabilities 
in the approaching boundary layer radiate energy which generate more 
Intense fluctuations within the cavity. Since the free stream flow is 
subsonic, the cavity pressure fluctuations also radiate forward and increase 
the pressure levels on the plate at the cavity leading edge. Similar 
findings have been found by previous investigators (Reference 8). They 
conclude that in comparison to a fully turbulent boundary layer, the 
laminar portion of a boundary layer "produces more intense fluctuations 

despite Its own lower noise levels". 
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From the AFFDL and Ames tests itfe evident that the scaling of 
cavity unsteady pressure data should include boundary layer parameters. 
More experimental work needs to be done before all the important para- 
meters can be defined. However, it appears that transitional effects 

from the upstream boundary layer can significantly affect the magnitude 
of cavity resonance. 

UNSTEADY PRESSURE RESULTS - CAVITY WITH FENCE 

Normalized unsteady pressure data for two fence configurations are 
presented in FiguresSa and 5b. Comparison of the data along the center- 
line of the flat plate and cavity floor shows that the AFFDL and Ames 
teste results are in excellent agreement for both fence configurations. 

No effect of Reynolds number on cavity resonance or fence effectiveness 
was found. Both the AFFDL and Ames fences were equally effective in 
significantly reducing the cavity dynamic pressure levels as compared 
to the plain cavity. This is probably due to the fact that the fence 
height h was greater than the local boundary layer thickness 6 for 
both tests. Ratios of h/6 t > 1 were considered to be an important 
design parameter in order to prevent the shear layer from entering the 
cavity. Notice that for h/6* - 1.2,the Ames fence 2 (58% porosity and 
thus less drag) was equally effective as the Ames fence 1 (38% porosity). 
Of course, this neglects the differences in free stream Mach number. 

UNSTEADY PRESSURE SPECTRA RESULTS - PLAN CAVITY AND CAVITY WITH FENCE 

Nondimens ional resonant frequency data or Strouhal numbers (S - fd/V w ) 
for both the Ames and AFFDL cavity tests are presented as a function of 
free stream Mach number in Figures 6a and 6b. Frequency data from the 
Ames test were obtained from a varying bandwidth analysis between 2 and 
800 Hz. The AFFDL data were obtained from a narrow bandwidth analysis with 
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a frequency resolution of * 20 Hz. The solid curves represent calculated 
values of Strouhal number for various cavity resonance modes m. These 
curves were calculated from the following modified Rosslter equation 
obtained from Reference It 


m - 1,2,3, 4 


S 


m - 0.25 


M 


jT + 


+ 1.75 


where M is the free stream Mach number and k is the ratio of specific 
heats. 

For the first fundamental mode and the second harm o nic both the 
Ames and AFFDL frequency data are in excellent agreement for the plain 
cavity case (Figure 6a). In addition, predicted values using the Rossitet 
equation are in good agreement with the measured data, especially 
for the first mode. Significant differences are found between the two 
tests and also between the test and predicted values for m » 4. The 
differences between the experimental data are probably due to the 
relatively large bandwidth of the Ames data at the higher frequencies. 

In any case, the lower resonant modes have the highest energy content 
and thus are of greater importance. 

Comparison of the AFFDL and Ames data for the cavity with fence 
configuration ate shown in Figure 6b. Excellent agreement between experi- 
ments and predicted values were also obtained with results similar to the 
plain cavity case. It's interesting to note that, although the fences 
significantly reduce the cavity dynamic pressures, the same resonant 


frequencies are still present but at a much lower energy level* Con- 
sequently the Rosslter equation, although not developed for the cavity 
with fence configuration, still successfully predicts the cavity resonant 
frequencies. 
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SECTION IV 

turret/fairing tests 

MODELS AND TEST FACILITIES 

In this section, selected data from several wind tunnel and flight 
tests are compared. The drag data presented were obtained from experi- 
ments conducted ip the Air Force Academy (AFA) and AFFDL transonic wind 
tunnels. Two separate 0.025 scale models of a turret with a high rise 
Tni^ing were mounted in the wind tunnels on a hollow circular 
cylinder with forward and aft ramps. The cylindrical section was 
designed to approximate the upper forward portion of a KC-135 aircraft 
fuselage. A sketch of the model configuration is shown along with the 
drag data in Figure 7. 

The unsteady pressure data presented in this section were obtained 
from experiments conducted in the AFFDL 0.61 m by 0.61 m (2 ft by 2 ft) 
and NASA-Ames 4.27 m by 4.27 m (14 ft by 14 ft) wind tunnels and from 
flight tests of the Airborne Laser Laboratory (ALL) . The wind tunnel 
models were candidate configurations of the ALL cycle I II /IV aft fairing 
with a forward ramp. A configuration sketch is shown in Figure 8. The 
AFFDL and NASA-Ames model scales were 0.025 and 0.30 respectively. 

TYPES OF MEASUREMENTS AND TEST CONDITIONS 

Data recorded during the AFA and AFFDL high rise fairing/turret 
tests included force measurements and oil flow visualization photography. 
Only the drag force data are presented in this paper for a Mach number 
range from 0.60 to Mach 0.90. At the AFA, the free stream unit Reynolds 
number varied with tunnel Mach number while at AFFDL, the free stream 
unit Reynolds number was a constant. The drag data ACp which is pre- 
sented in Figure 7 reflects drag caused by the addition of the turret 
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and fairing only and are based upon the forward projected area of the 
turret (Ref. 9). The Reynolds numbers Rp are based on the turret diameter D. 

Selected unsteady pressure data from the AFFDL and NASA-Ames wind 
tunnels and the ALL flight tests are presented in this paper. The 
locations of the dynamic pressure transducers on the turret, forward 
ramp, and aft fairings are shown in Figure 8* Data results from these 
tests are presented in Figures 9a through 9d for a Mach number range 
from 0.50 to Mach 0.90. Turret Reynolds numbers varied from Rp * 2.3 x 10^ 
to Rjj * 40 x 10 5 . 

Two nondlmensional power spectal density plots are also shown in 
Figures 10a and 10b comparing the 0.30 scale and full scale tests at 
Mach numbers of 0.55 and 0.75. However, these data were obtained from 
tests of a different fairing than that shown in Figure 8. They are pre- 
sented here because they were the only wind tunnel and flight test data 
available and show that both power spectra data as well as root mean 
square pressure data can be correlated* 

DRAG DATA RESULTS - AFA AND AFFDL TESTS 

Several Important observations can be made from the drag data 
results presented in Figure 7. Consider the drag versus Mach number 
curve for the bare turret configuration. If the two tests were 
dynamically similar, one would expect these curves to show much better 
agreement. As expected, the higher drag curve is at the lower turret 
Reynolds number. Differences between the two curve shapes is probably 
due to the variation of Reynolds number with free stream Mach number. 

Similar Reynolds number effects are also observed for the turret and 
art fairing configuration. However, the two curve shapes are in much 
better agreement. 
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Although dynamic similarity between these two tests was incomplete, 
some very useful and Important results exist which should not be over- 
looked. first, both configurations for both tests indicate an increase 
in drag with increasing Mach number. This, of course, was to be expected 
since similar results have been measured for flow around spheres and can 
be attributed to the appearance of unstable shock waves. A more impor- 
tant result, however, is found in the ranking of the drag curves. Both 
tests show the fairing drag to be less than the bare turret drag and for 
both configurations the AFA data ranks lower than the AFFDL data. The 
important point to be made here is that such trends in the data are 
useful results. Although the absolute drag coefficients cannot be com- 
pared between each test, both tests can be used to provide useful inform- 
ation concerning the effectiveness of one configuration over another. 

UNSTEADY PRESSURE RESULTS - AFFDL, AMES, AND FLIGHT TESTS 

Generally speaking, the unsteady pressure data presented in Figures 
9 a n d 10 show good correlation between the AFFDL and NASA-Ames wind tun- 
nel tests and the ALL flight tests. The best correlations are found 
in Figures 9c and 9d and in Figures 10a and 10b. First, it should be 
noted that the instrumentation locations for each test were substantially 
different in some cases. Consequently, the data comparisons would be 
expected to be poor especially in highly unstable flow regions. Figure 
9a is such a case. Not only are the pressure transducers at very dif- 
ferent locations but they are also located in a very turbulent flow 
region on the turret and aft fairing. At these locations local shock 
waves form, the flow separates from the turret and then reattaches to 
the fairing. Better agreement between tests is shown in Figure 9b 


although there are some discrepancies with the flight test data at the 
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lower Mach numbers* The reason for this Is not clear, but is possibly 
due to a local separated flow region on the ALL fairing. The beat 
agreement, of course, Is shown In Figures 9c and 9d where the flow is 
attached and fairly stable. Notice that for these locations the unsteady 
pressure levels are much lower than those of Figures 9a and 9b. Since 
the flow is attached in these areas* the measurement is primarily due 
to boundary layer noise. Other differences between transducers such as 
those in Figures 9c and 9d are most likely attributed to differences in 
spatial resolution of the instrumentation between tests. 

ah in all, the unsteady pressure data show good correlation and 
provide a fairly accurate pic.tu'.p of the flow phenomena which occurs at 
different locations. As was the case with the drag data discussed 
earlier, the unsteady pressure data from each test also Show similar 
trends. In the highly unstable regions (Figures 9a and 9b) all three 
tests show a decrease in the unsteady pressure levels with an increase 
in the free stream Mach number . In the stable flow regions (Figures 9c 
and 9d) all three tests show very little change in the unsteady pressure 
levels with Mach number . 

Finally, when comparing flight and wind tunnel power spectral density 
data excellent correlations have been obtained (see Figures 10a and 10b). 
However, it should be emphasized that these data were obtained from tests 
of a much different configuration than the cycle III/IV configuration 
shown in Figure 8. The pressure transducers were at the top of the 
turret (same as location A in Figure 8) but were in a very protected 
region behind a high rise forward ramp fairing. 
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SECTION V 


CONCLUSIONS 

Data from several wind tunnel experiments along with available 
flight test data were used to discuss the validity of small scale tests. 
Tests were performed at transonic speeds to measure the turbulence 
levels in a cavity wich and without a forward porous fence, turret 
drag with and without an aerodynamic fairing, and turret /fairing 
unsteady pressures. Analysis of the test results leads to the follow- 
ing conclusions: 

1. Porous fences were found to be effective in reducing cavity 
unsteady pressure levels of small scale models. However, scaling the 
magnitude of unsteady pressure reduction to full scale is uncertain. 

The data shows that there is a fixed ratio of fence height to cavity 

length independent of model scale. 

2. Trends and levels of unsteady pressure coefficients on turrets 
and fairings are predicted by small scale tests in regions of attached 
flow. In regions susceptible to flow separation such as on the turret 
itself, small scale data are not expected to scale up because of 
Reynolds number effects. 

3. Resonant frequencies of a plain cavity and a cavity with a 
porous fence can be predicted for small scale tests. 

A. Upstream boundary layer conditions can significantly influence 
the degree of correlation between different small scale cavity tests. 
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FIGURE 5a 

COMPARISON OF NASAAMES AND AFFDL DYNAMIC PRESSURE DATA ALONG THE CENTERLINE 
OF THE FLAT PLATE AND CAVITY FLOOR. CAVITY WITH FENCE 1, M = 0.60. 




Oames tunnel 
AAFF&L tunnel 


I — % 




~ h/6/ a 1.2 
^ h/6/ a 1.7 


R / a 13.8 X 10* 


t s 4.4 x 10* 


3-/-- 


FIGURE 5b 

COMPARISON OF NASA-AMES ANO AFFDL OYNAMIC PRESSURE DATA ALONG THE CENTERLINE 
OF THE FLAT PLATE AND CAVITY FLOOR. CAVITY WITH FENCE 2, M = 0.89. 
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Figure 10a: 

COMPARISON OF FLIGHT AND AMES 
0.30 SCALE NONDIMENSIONAL POWER 
SPECTRAL DENSITIES. TRANSDUCERS ON 
TOP OF TURRET, M«0.55. 
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Figure 10b: 

COMPARISON OF FLIGHT AND AMES 0.30 
SCALE NONDIMENSIONAL POWER SPECTRAL 
DENSITIES. TRANSDUCER ON TOP OF 
TURRET, M * 0.75 . 






